15 min after oral glucose, the concentration of the proinsulin-like component was unchanged and its percentage of the total immunoreactive insulin decreased with the acute release of the insulin component. By 2 hr after oral glucose, the concentration of the proinsulin-like component increased and the insulin component concentration decreased so that the percentage of the proinsulin-like component was essentially the same as in the basal state.
15 min after oral glucose, the concentration of the proinsulin-like component was unchanged and its percentage of the total immunoreactive insulin decreased with the acute release of the insulin component. By 2 hr after oral glucose, the concentration of the proinsulin-like component increased and the insulin component concentration decreased so that the percentage of the proinsulin-like component was essentially the same as in the basal state.
In five patients with islet cell tumors and fasting hypoglycemia, basal proinsulin-like component ranged from 26 to 79% of the total immunoreactive insulin. While basal proinsulin-like component was higher in the islet cell tumor patients, the fluctuations after stimulation were qualitatively similar to the nontumor patients. Acute stimulation with glucose, tolbutamide, leucine, and streptozotocin mainly released the insulin component resulting in a fall in the per cent proinsulin-like component with a subsequent increase in percentage of this component as the total insulin concentration returns towards basal levels. Three islet-cell tumor patients with less than 46% proinsulin-like component had favorable therapeutic responses to diazoxide whereas one patient with over 80% proinsulin-like component was completely refractory.
Syrian hamsters bearing islet cell tumors provided an excellent model for islet cell tumors in man. These animals have a high proportion of a proinsulin-like component in plasma; stimulation of tumor slices in vitro with tolbutamide and glucagon releases mainly the insulin component similar to the observations in man.
INTRODUCTION Following the description of proinsulin in a human islet cell tumor (2) and in normal rat pancreas (3), we described a higher molecular weight, immunoreactive component of plasma insulin (4) . This higher molecular weight component of circulating insulin found in unextracted plasma by gel filtration (5, 6) , appears to be indistinguishable from the higher molecular weight component in acid-ethanol extracts of plasma (7) (8) (9) .
Specific characterization of the circulating immunoreactive insulin components is limited by the small quantity of material present in plasma. Proinsulin, a singlechain polypeptide in which the A-and B-chains of insulin are linked by a connecting segment, has distinctive gel filtration, immunologic, and biologic properties (10) .
In addition to single chain proinsulin, double-chain proinsulin intermediate components have been found in vitro in extracts of bovine (11) and porcine pancreas (12) . The higher molecular weight plasma component has been characterized in terms of the known properties of proinsulin.
In nontumor subjects, the higher molecular weight plasma component has the same gel filtration properties, biological activity, and response to tryptic digestion as proinsulin (6) . Immunoreactivity with anti-insulin serum (6), anti-proinsulin serum (6) , and anti-C-peptide serum (9) is also similar to proinsulin.
Recent evidence indicates that in patients with islet cell tumors, the higher molecular weight circulating component can be distinguished from proinsulin and from the higher molecular weight plasma component found in nontumor subjects. These differences are found in gel filtration properties (13, 14) , immunoreactivity (14) , and biologic activity (13, 14) . The higher molecular weight circulating component in the islet-cell tumor patient is converted from a gel filtration migration similar to proinsulin to that of insulin upon exposure to small concentrations of trypsin (13) (14) (15) ; the larger plasma component also reacts with anti-C-peptide serum (9, 15) . It is as yet unclear whether these components are related to the in vitro pancreatic proinsulin intermediates.
While there is heterogeneity in the higher molecular weight, circulating, immunoreactive insulin components in different disease states, these components all appear to be related to proinsulin. These higher molecular weight circulating components can, therefore, be referred to as proinsulin-like components rather than the more general term "big" insulin.
We have previously reported fluctuations in proinsulin-like component after the administration of glucose and other stimuli (16) . Hamster studies. Syrian hamster islet-cell tumors were a gift of Dr. H. A. Kirkman. The tumors were maintained in young hamsters by serial subcutaneous transplantation. Plasma was obtained from tumor-bearing and normal hamsters through retroorbital puncture and processed in an identical manner to the human plasma samples.
200-mg slices of hamster islet-cell adenoma were incubated at 37'C for 120 min in complete Hanks media (17) containing 20 mg/liter of each of the 18 naturally occurring amino acids similar to the method used by Steiner and Oyer (2) for human adenoma. To individual flasks were added glucose 1 mg/ml, glucose 3 mg/ml, tolbutamide 100 (,g/ml, and glucagon 5 ,g/ml; after incubation 1-ml portions were removed from each flask and filtered on G-50 Sephadex (16) to determine the proportions of each insulin component.
RESULTS
In the basal state, the proinsulin-like component usually comprised about 20% of the total plasma insulin ( Table I , and the bar indicates the mean for each group. The hypokalemic patients had low serum potassium values at the time of the study.
1). The exceptions were one obese patient with recurrent hypokalemia in whom basal percentage proinsulinlike component exceeded 40% on all four occasions tested and patients with islet cell tumors; the former will be discussed in detail elsewhere,' the latter will be discussed below. Thus in 17 adults, the proinsulin-like component was above 10% and below 30% regardless of other variables including glucose tolerance, insulin or growth hormone concentrations, or degree of obesity.
The relationship between basal and the early and late glucose stimulated values was studied in 14 subjects (Fig. 2) . At 15 min after the administration of glucose, the total plasma insulin was elevated. This increase was accounted for almost entirely by an increase in the concentration of the insulin component. The concentration of the proinsulin-like component was virtually unchanged, resulting in a fall in the percentage of this component (Fig. 2, left) . (Table I) By 120 min, the concentration of the proinsulin-like component had risen and the mean per cent proinsulinlike component returned to levels observed in the basal state (Fig. 2, left) . In paired values from 19 individual subjects, the concentration of the proinsulin-like component rose in 15, was unchanged in 3, and fell slightly in 1 (Fig. 2, right) .
Islet cell tumors. The presence of circulating insulin during fasting hypoglycemia is the cardinal feature of islet cell tumors (18) . Abnormal glucose tolerance is common and the plasma insulin response to glucose stimulation is often subnormal whereas the responses to tolbutamide or leucine stimulation are frequently exaggerated (19) . The basal per cent proinsulin-like component is higher than most other patients and ranges from 26 to 79% of the total insulin (Fig. 1) . A wide spectrum of response is seen after stimulation with glucose and other agents.
In patient PRI, before removal of the adenoma, glucose tolerance was abnormal and the patient demonstrated abnormal insulin responses to tolbutamide and leucine (Fig. 3) . The dynamics of the proinsulin-like component after glucose stimulation (Fig. 3) are similar to the nontumor group (Fig. 2) . After surgery, which involved a hemipancreatectomy with removal of the adenoma, total insulin secretion was decreased but the concentration and per cent of the proinsulin-like component after glucose, -leucine, and tolbutamide were not greatly different from preoperative determinations (Fig. 3) .
We have previously demonstrated an arteriovenous difference for both insulin components across the pancreas of the dog (4); a similar arteriovenous difference across the pancreas in this patient with an islet cell adenoma was found at laporatomy in samples obtained simultaneously from a pancreatic vein and peripheral artery. 2 Patients DRE and HAN with islet cell carcinomas demonstrated a high basal percentage of the proinsulinlike component (38-46%) but fluctuated similarly to the nontumor patients after stimulation of insulin secretion (Fig. 4) . When total insulin concentrations were low, the per cent proinsulin-like component was high (Figs.  3 and 4) . However, when insulin was acutely released with concentrations of greater than 375 tU/ml after stimulation with tolbutamide (Figs. 3 and 4) or streptozotocin (Fig. 5) , the per cent proinsulin-like component 'Plasma samples obtained by Dr. William Hammond. 2116 fell to low levels; the rise in total insulin concentration was almost entirely due to the release of fully converted insulin. The outpouring of insulin after the administration of streptozotocin in patient DRE (Fig. 5) was similar to what has been observed in the mouse (20) and rat (21) .
Patient MOT had an undifferentiated carcinoma of the head of the pancreas discovered at least 2 months before the onset of hypoglycemia. His basal plasma insulin concentartaion was 12 m/Ag/ml (300 uU/ml) and there was no further rise after oral glucose administration (Fig. 6) . The proinsulin-like component constituted 78% of the total insulin in the basal state, i.e., 4 hr of fasting with blood glucose 65 mg/100 ml. There was no change in total insulin during the period of high blood glucose and the proportions of the insulin components did not change throughout the glucose-stimulated period. (Fig. 6) . The intravenous administration of 0.5 g of sodium tolbutamide produced an 83% increase in total insulin concentration. The concentration of the proinsulin-like component increased by only 36%, resulting in a reduction in the percentage of this component to 61%. Similarly, patient FOL with 53% proinsulin-like component showed essentially no fluctuation with further hyperglycemia, but had a significant increase in the con- (Table II) . Thus the rise in total insulin after tolbutamide in patients MOT, FOL, PRI, and HAN is due almost entirely to an increase in the insulin component. After 10 days of treatment with 800 mg of oral diazoxide per day in patient MOT, there was no change in the fasting hypoglycemia or in total insulin secretion. The proinsulin-like component constituted 82% of the total plasma insulin.
Hamster studies. Studies of changes in plasma concentration of the insulin components in man do not distinguish events involving insulin secretion from changes occurring in the peripheral circulation. Syrian hamsters bearing islet cell tumors provide an excellent model for a more detailed study of insulin secretion.
When a tumor was homogenized and extracted by the classic acid-ethanol technique, the proinsulin-like component constituted 32% of the total extracted insulin.
The nontumor bearing hamster has a similar proportion of the insulin components in plasma as the nontumor patient whereas the tumor-bearing animal has a high proportion of the proinsulin-like component similar to patients with islet cell tumors (Fig. 7) .
When slices of the hamster tumor are studied, the highest proportion of the proinsulin-like component is seen in the control media containing 1 mg/ml glucose; further stimulation with glucose results in an increase in both insulin components (Fig. 8 ). This finding is compatible with the known effects of glucose in stimulating both the synthesis and release of insulin (3, 22 (23) . In most of their patients the per cent proinsulin-like component was higher in the 2nd and 3rd hr after oral glucose than at 30 min after the glucose load.
The half-time of disappearance and space of distribution of human proinsulin in plasma has not been precisely determined. If the half-time of disappearance and space of distribution of human proinsuilin are approximately that of human insulin and if proinsulin represents only about 1% (11) to 10% (12) of the total pancreatic insulin, proinsulin, to account for 20% or more of the circulating insulin, must be preferentially released. If, however, the half-time of disappearance for proinsulin is much longer than insulin and the space of distribution less, the high plasma to pancreas ratio for proinsulin could be explained by the secretion of a constant ratio of proinsulin to insulin. It remains unexplained why an insulin precursor of low biologic activity should represent an appreciable amount of circulating insulin.
The mean and range of per cent proinsulin-like com-
U0 log 50g IV. 50g IV. ponent is higher in islet-cell tumor patients than in most other patients studied, comprising from 26 to 79% of the total insulin. In individual cases a range of from 3 to 67% of basal and stimulated proinsulin-like component has been reported (1, 15, 16, (23) (24) (25) .
Patients with islet cell tumors differ from nontumor patients in exhibiting an exaggerated insulin release to various stimuli and inappropriate insulin release with hypoglycemia. These patients, however, demonstrate the same qualitative dynamics with regard to the insulin components as the nontumor subjects. If a similar ratio for proinsulin exists from pancreas to plasma as in the nontumor patient, then only a small percentage increase of pancreatic proinsulin could account for a predominance of the proinsulin-like component in the plasma of the islet-cell tumor patient. Evidence for an increased tumor content of proinsulin in some patients with islet cell tumors has been obtained (15) .S After the administration of stimuli of insulin release our patients either had very little response in total insulin concentration or a marked rise. With small changes in the total insulin concentration the per cent proinsulin-like component remained high as in the basal state but with large increases in total insulin there was a concomitant fall in the per cent proinsulin-like component.
Similar observations were made in Syrian hamsters bearing islet cell tumors. These tumors make large quantities of proinsulin-like material under basal conditions. ' In the tumor extract from patient DRE, the proinsulinlike component represented 16% of the total insulin in an analysis carried out by Dr. Ronald E. Chance.
When stimulated acutely with glucose, glucagon, or tolbutamide they release predominantly the insulin component into the incubation media in a manner which closely resembles the release of the insulin component into the circulation in the islet-cell tumor patients.
The case reported by Melani, Ryan, Rubenstein, and Steiner (15) is the only other systematic study of basal and stimulated proinsulin-like components. The basal proinsulin-like component was 42% of the total (measured against an insulin standard), falling to 36% as insulin was acutely released by tolbutamide and increased to a high of 67% in the 2nd and 3rd hr as the total insulin concentration returned to basal levels (15) . Goldsmith, Yalow, and Berson found total insulin 110 AU/ml at 15 min and 70 /U/ml at 30 min after the intravenous administration of tolbutamide to a patient with an islet cell tumor. The proinsulin-like component constituted 32 and 55% of the total respectively (23). Lazarus, Tanese, Gutman, and Recant reported greater than 50% proinsulin-like component 15 min after tolbutamide stimulation but other time periods are not given for comparison (24) . Blackard, Garcia, and Brown found 37, 32, and 53% proinsulin-like component in an untreated patient with islet cell carcinoma at 1, 2, and 3 hr after oral glucose; the percentage tended to increase as the total insulin concentration decreased toward basal levels (25) .
The percentage of the proinsulin-like component in the plasma of both tumor and nontumor subjects at any given time is determined largely by how close the total plasma insulin concentration approaches concentrations in the basal state. The quantitatively higher proportion of the proinsulin-like component in islet-cell tumor patients can be accounted for by the same mechanism as in nontumor patients. It is not necessary to postulate that the tumor patients have a deficiency in the proinsulin to insulin converting mechanism. In fact, the acute release of the insulin component by tolbutamide and streptozotocin suggests that the converting mechanism is operative.
It is reasonable to speculate that in the presence of hypoglycemia, insulin release from the pancreas is maximally inhibited by a variety of physiologic processes. Furthermore, pharmacologic agents like diazoxide are potent inhibitors of insulin release. Diazoxide inhibits insulin secretion from the mature beta granule (26) . Since the mature beta granule is largely devoid of proinsulin (10, 27) , maximal inhibition of this process of insulin release may have little therapeutic effect in a patient who secretes predominantly the proinsulin-like component. Diazoxide was therapeutically effective in three islet-cell tumor patients (PRI, DRE, and HAN) with 26-46% proinsulin-like component but had no effect in patient MOT. This patient's total plasma insulin was comprised almost entirely of the proinsulin-like component. ' The extrapolation of events measured in the circulation to events occurring in the islet cell in man is speculative at this time but further studies of the insulin components should lead to a better understanding of the mechanisms regulating the formation and secretion of insulin.
